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(57) Abstract 

A method of varying the characteristics of a light transmitting device such as an 
in-fibre Bragg grating. As applied to a Bragg grating (22), the method comprises the steps 
of loading the fibre (21) and, by use of cladding (23). constraining a portion of the fibre 
(21) that contains the grating (22) in a manner such that the grating-containing portion of 
the fibre is differentially elongated in the direction of light propagation. A strain gradient 
is thereby induced in the grating containing portion of the fibre. Various light transmitting 
devices, which incorporate an optical fibre which exhibits a strain gradient over a poition 
of its length in the direction of light propagation, are also disclosed. 
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VARIABLE PROPERTY LIGHT TRANSMITTING DEVICE 
TECHNICAL FIELD 

This invention relates to a method of varying the 
properties of a light transmitting device and to a device 
5 per se when produced by or arranged to implement the 
method of the invention. 

The invention may be employed in the context of 
varying the characteristics of an in- fibre Bragg grating 
and, thus, be employed in the fabrication of chirped 
10 gratings for use in dispersion compensation in long-haul, 
high bit -rate transmission systems. However, whilst the 
invention is introduced and described generally in the 
context of Bragg gratings it will be understood that it 
does have broader application, to the control or 
15 variation of light transmission and to the detection 
and/or measurement of conditions that influence the light 
transmitting properties of devices. 
BACKGROUND ART 

Various techniques have been developed for writing 

20 gratings into optical fibre, including the now 
extensively used transverse holographic method first 
described by Meltz et al in 1989, Also, a number of 
proposals have been made for the fabrication of chirped 
gratings, involving variation of the side -writing fringe 

25 spacing or variation of the refractive index in the 
direction of the fibre axis, for example by tapering the 
fibre. Tuning of the operating wavelength of an in- fibre 
grating is also effected using various techniques, 
including subjecting the fibre to high temperature, 

30 strain and pressure. 

Post fcibrication tuning enables a degree of control 
to be exercised over the desired centre frequency of the 
grating but the physical changes created in the fibre by 
applied forces are normally uniformly distributed along 

35 the length of the fibre. Thus, whilst a uniform shift 
may be achieved, the known tuning techniques do not 
permit the creation of a grating in which the resonant 
frecpiency or Bragg frequency is a function of position 
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along the length of the grating. 

The Bragg frecpaency at an axial position within a 
grating is dependent upon the optical path length within 
each grating period and, thus, depends on both the period 
5 and the average refractive index. Therefore, chirped 
gratings may be achieved by varying either the grating 
period or the average refractive index or both. Axial 
strain may be imposed to increase the local spatial Bragg 
period and, thereby, increase the optical path length in 

10 the period. However, as abovementioned, strain applied 
to a grating by prior art techniques results in the 
imposition of strain which is substantially uniform along 
the length of the grating, this producing a uniform Bragg 
frequency shift and no change in the shape of the 

15 reflection spectrum of the grating. 
DISCLOSURE OF THE INVENTION 

The present invention in one of its applications is 
directed to a method which permits post -fabrication 
tuning of an in- fibre grating in a manner which provides 

2 0 for differential variation of the spatial period and, 
thus, variation of the Bragg frequency with position 
along the length of the grating. 

Broadly defined, the present invention provides a 
method of varying the transmitting properties of a light 

25 transmitting device that exhibits strain- related 
transmitting characteristics. The method comprises 

loading and, by use of a cladding, constraining the 
device in a manner such that the device is differentially 
elongated over at least a portion of the length of the 

30 device in the direction of light propagation whereby a 
strain gradient is induced in the device in the direction 
of light propagation. 

The invention may be defined in an alternative way 
as providing a light transmitting device per se. The 

35 device has a light transmitting portion which exhibits a 
strain gradient in the direction of- light propagation. 
The strain gradient is created by loading the device and, 
using a cladding portion of the device, constraining the 
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light transmitting portion in a manner to effect 
differential elongation of at least a portion of the 
length of the light transmitting portion in the direction 
of light propagation, 
5 The invention as above defined may be realised in 

various practical embodiments and be applied to various 
light transmitting devices, including optical fibres and 
planar waveguides. For example, when the invention is 
applied to a device which incorporates an optical fibre, 

10 a portion of the length of the fibre (including its own 
cladding) may be clad with an object or substance which 
permits constrained movement between the fibre and the 
cladding and, hence, causes differential elongation of 
the fibre in the direction of light propagation. When in 

15 this form and when a force is applied to one end of the 
fibre (or different forces are applied to the fibre at 
opposite ends of the clad portion) , a graded constraining 
force (i.e. a force which varies in magnitude with 
position along the length of the fibre) will be exerted 

20 on the fibre along the length of the clad portion. Thus, 
a strain gradient will be induced in the clad portion of 
the fibre. 

The cladding which is employed to constrain the 
fibre may be that which clads the core of the fibre or it 
25 may be additional to that which conventionally clads the 
core. In the latter case, the cladding which is used to 
constrain the fibre may be composed of a substance which 
is used to secure the optical fibre to a substrate or 
other support. 

30 In an alternative form of the invention, a portion 

of the cladding that surrounds the core of an optical 
fibre may be removed, for example by etching, to produce 
a region in which the core of the fibre is less tightly 
constrained than in adjacent (fully clad) regions. With 

35 this arrangement also differential elongation will occur 
in the core and a strain gradient will be induced in the 
core of the fibre when a force is applied to one end of 
the fibre or different forces are applied to the opposite 
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ends of the modified portion of the fibre. 

In yet another form of the invention, a portion of 
the length of an optical fibre may be tapered so that the 
core of the fibre will be less tightly constrained by the 
5 core cladding at the larger end of the taper than at the 
narrow end of the taper. Then, here again, a strain 
gradient will be imposed on the core of the fibre as a 
consequence of the differential constraining forces that 
are exerted on the core of the fibre and the resultant 

10 differential elongation of the core when the core is 
subjected to a force which may be resolved to include a 
tensile component. 

Each of the above forms of the invention has 
application to an in- fibre Bragg grating. Thus, the 

15 invention in one of its applications may be defined as 
providing a method of varying the characteristics of an 
in- fibre grating and which comprises loading the fibre 
and, by use of a cladding, constraining a portion of the 
fibre that contains the grating in a manner such that the 

20 grating- containing portion of the fibre is differentially 
elongated in the direction of light propagation whereby a 
strain gradient is induced in the grating- containing 
portion of the fibre in the direction of light 
propagation. 

25 The present invention also provides an £n- fibre 

grating when produced by the above defined method. 

The cladding substance used in constraining the 
fibre (and when added to the conventional fibre cladding) 
will be selected in terms of its properties and be 

30 deposited to a thickness and configuration to provide the 
degree of strain gradient required in a given application 
of the invention. The cladding substance will typically 
comprise glass, a thermoplastics material, a 
thermosetting plastics material, a glue or a silicone 

35 rubber composition. 

The manner of forming the cladding or modifying an 
existing cladding (for example by tapering or etching a 
clad optical fibre) will also be determined by the strain 
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gradient required to be imparted to the grating, the 
extent to which the spectral width of the grating is to 
be modified and, hence, the degree of constraint to be 
imposed on the fibre along the length of contact or at 
5 various regions along the length of contact with the 
cladding. 

The load may be applied to the fibre by applying a 
tensile load to one end only of the fibre, with the other 
end being anchored either by an external anchor or by the 

10 cladding material itself. In an alternative arrangement, 
the differential expansion and, thus, the strain gradient 
may be enhanced by applying different tensile loads to 
opposite ends of the fibre. 

The present invention may also be adapted to sensor 

15 devices that are arranged to detect for and/or provide a 
measure of environmental conditions such as temperature 
or pressure. For this application of the invention a 
light transmitting device incorporating a grating may be 
clad in a manner such that a variation in a prevailing 

20 environmental condition will cause or tend to cause a 
change in the dimension or shape of the cladding 
sufficient to change constraining forces exerted on the 
light transmitting device by the cladding. Then, with 
the imposition of a differential constraining force on 

25 the device, a strain gradient will be induced in the 
device which varies with changes in shape or dimension of 
the cladding and, thus, with changes in the environmental 
condition. 

In a particular embodiment of a sensor device of the 
30 type above described, a length of optical fibre 
containing a Bragg grating may be enveloped in part by a 
conically shaped or a tear- shaped cladding. Then, if the 
cladding is exposed to a change in environmental pressure 
a differential constraining force will be imposed on the 
35 clad portion of the fibre, being different at the small 
and large diameter ends of the cone. Also, the 
dimensional variation in the cladding will cause a 
tensile load to be imposed on the fibre which, together 
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with the differential constraining force, will cause 
differential elongation of the fibre, resulting in the 
creation of a strain gradient within the fibre. As 
indicated above, with the induction of a strain gradient, 
5 the reflectivity of the grating will change and a measure 
will be provided of pressure within the environment in 
which the device is located. 

The invention will be more fully understood from the 
following description of a procedure that has been 

10 employed in the tuning of an in- fibre Bragg grating to 
produce a chirped grating and of devices that provide for 
variation of the light transmitting properties of fibres.. 
The description is provided with reference to the 
accompanying drawings . 

15 BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings : 

Figure 1 shows a schematic illustration of a set-up 
used in the procedure. 

Figure 2 shows a graph of tensile loading applied to 
20 an optical fibre in use of the arrangement shown in 
Figure 1, 

Figure 3 shows graphs of reflectance against 
wavelength characteristics for an in- fibre grating that 
is siibjected to different tensile loadings and supported 
25 by variously formed substrates. 

Figure 4 shows a set-up similar to that of Figure l 
but with provision for applying different loads to 
opposite ends of the optical fibre. 

Figure 5 shows an in- fibre grating device whose 
30 transmitting properties may be varied by imposing and 
varying a strain gradient in the grating- containing 
portion of the fibre. 

Figure 6 shows in a diagrammatic way an active 
portion of a sensor device to be used for measuring or 
35 detecting changes in fluid pressure. 

Figure 7 shows a device which embodies the invention 
and which may be employed to effect phase shifting of 
light propagated . through the device, and 
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Figure 8 shows a diagrammatic representation of a 
device of the type shown in Figure 1 and an apparatus for 
use in establishing a permanent strain gradient within a 
grating- containing portion of an optical fibre. 
5 MODES FOR CARRYING OUT THE INVENTION 

An in- fibre Bragg grating is first fabricated by 
holographically side-writing a length of photosensitive 
optical fibre in an apparatus comprising a compound beam 
expander and folding prism. The technique employed in 

10 this process is well understood and does not form a part 
of the present invention. 

As shown in Figure 1 of the drawings, the length of 
optical fibre 10 containing the Bragg grating is 
supported 3 mm above a glass base 11 and glue is applied 

15 to form a cladding 12 for the optical fibre 10. As is 
apparent from the drawings, the cladding 12 is additional 
to the conventional silica cladding that clads the core 
of the optical fibre. The cladding/glue 12 is used also 
to bond the fibre 10 to the base 11. The glue is applied 

20 in stages to form the cladding 12 and cover the length of 
fibre containing the entire grating. 

Placing the optical fibre 3 mm above the base 11 
represents an optimum arrangement. Gluing the optical 
fibre too close to the base diminishes the degree of 

25 strain gradient along the axial length of the fibre, 
whilst locating the fibre too high above the base creates 
a mechanically unstable structure. 

Tension is applied to the portion of the optical 
fibre that contains the grating by attaching weights 13 

30 to a cord 14 which is^ separately glued at position 15 to 
the fibre at the end of the cladding 12 that is closest 
to the weight 13, The tension within the optical fibre 
is established as a consecjuence of the fibre being 
positively connected to the base 11 by way of the 

35 cladding 12, but the tensile stress within the optical 
fibre diminishes with distance along the length of the 
fibre within the cladding as a consequence of the tensile 
force being transferred progressively to the base 11 from 
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the optical fibre by way of the bulk of the cladding 12. 

Thus, as indicated in Figure 2, the tensile stress 
within the fibre increases from a minimum level at the 
end of the cladding 12 which is remote from the weight 13 
5 to a maximum level at the end of the cladding which is 
closest to the weight 13 . The cladding/glue 12 functions 
to constrain the optical fibre over the portion of the 
length of the fibre that is positioned within the 
cladding. Then, because the tensile stress within the 

10 optical fibre diminishes as a function of distance from 
the weight 13, the optical fibre is caused to elongate 
differentially over the portion of its length that is 
constrained by the cladding/glue 12. That is, 

incremental portions of the length of the optical fibre 

15 elongate by an amount different from adjacent incremental 
portions, so that a greater degree of elongation within 
the cladding occurs at a position near the weight 13 than 
at a portion remote from the weight. 

The cladding/glue 12 is applied uniformly in a 

20 quantity required to produce a desired wavelength shift. 
A semiconductor photodiode 15 and a spectrum analyser 16 
are connected to the optical fibre to permit recording of 
the wavelength shift and, as will be mentioned below, to 
permit recording of the spectral profile, 

25 The response of the grating in terms of providing a 

desired centre frequency shift is varied by changing the 
amount of glue uniformly applied to the optical fibre, 
and the required spectral profile or wavelength spread is 
achieved by modifying the geometrical configuration of 

30 the cladding/glue 12 • Thus, after the fibre has been 
tensioned by the weight 13 to provide a maximum desired 
wavelength shift, a required wavelength spread is then 
achieved by modifying the configuration of the 
cladding/glue 12 and, hence, modifying the constraining 

35 force exerted on the grating portion of the optical 
fibre 10 at axially spaced locations along the fibre 
within the cladding/glue. 

By loading the fibre and building the cladding/glue 
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to meet required conditions, the frequency shift and 
grating chirp are effectively controlled independently of 
one another. In the procedure described with reference 
to Figure 1, a shift of 7 nm has been achieved, the shift 
5 occurring at the rate of 12.8 nm per kilogram weight. 
This may be compared with the requirement to expose the 
optical fibre to a temperature of 760 °C to effect the 
same shift using the alternative procedure of temperature 
tuning . 

10 The graphs of Figure 3 show the results of an 

in- fibre Bragg grating being strained in increments 
from 0 to 650 gms on one side of the cladding with no 
tensile loading on the other side, that is with the 
cladding/glue itself providing the requisite resistance 

15 to the loading as a consequence of it being bonded to the 
base 11. It can be seen that the reflection band width 
increased from 0.43 nm to 0.94 nm whilst the peak 
reflectivity reduced from 62% to 35%. The corresponding 
shift in Bragg wavelength was 0.95 nm. 

2 0 Figure 4 shows an alternative arrangement to that 

which is illustrated in Figure 1, with like reference 
numerals employed to identify like parts. However, the 
arrangement shown in Figure 4 facilitates a greater 
degree of control over both the centre frequency shift 

25 and spectral profile by providing for a controlled 
differential in the loading of the two ends of the 
optical fibre. Thus, the arrangement shown in Figure 4 
provides for the addition of a further weight 18 attached 
to the optical fibre 10 by way of a cord 19 which is in 

30 turn secured to the optical fibre at a position 20 
adjacent one end of the cladding 12. 

In an alternative arrangement, the optical fibre 10 
may be loaded at one or both ends of the cladding 12 by 
one or more tensioning screws connected to the optical 

35 fibre either directly or through helical tension springs. 

Further variations and modifications may be made in 
the invention as above described. One such arrangement 
is shown schematically in Figure 5 in which an optical 
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fibre 21 contains a Bragg grating 22 which may be post- 
tuned to vary the Bragg frequency as a function of 
position along the length of the grating. The fibre 21 r 
which is composed of a clad core, is further clad with a 
5 solid cylinder of thermoplastics material 23. The 
cladding 23 is bonded to the fibre 21 along the full 
length of the cladding and, thus, relative movement 
between the fibre 21 and the cladding 23 is constrained. 

The cladding cylinder 23 is positioned within and 

10 secured to the internal wall of a tubular glass 
cylinder 24, The cylinder 24. is provided with threaded 
end portions and mating end caps 25 and 2 6 are screw- 
fitted to the end of the glass cylinder. 

Mechanical couplers 27 and 2 8 are positioned at the 

15 ends of the cladding cylinder 2 3 and are connected 
directly to the optical fibre 21, and helical tension 
springs 29 are provided to connect each of the 
couplings 27 and 28 to the respective end caps 25 and 26. 
The complete device shown in Figure 5 is equivalent 

20 to the arrangement shown in Figure 4 of the drawings and 
the preceding general description has equal application 
to Figure 5. Each of the end caps 25 and 26 may be 
adjusted independently of the other so that different 
forces may be applied to the fibre at opposite ends of 

25 the cladding 23, in the same manner as different weights 
are applied to the fibre in the arrangement shown in 
Figure 4 of the drawings. 

Figure 6 of the drawings shows a diagrammatic 
representation of a device which may be employed as an 

30 integral part of a pressure sensor which is employed for 
measuring or detecting variations in the pressure exerted 
by a confined fluid. In this case the device comprises a 
length of optical fibre 30 which is coupled to a light 
source and a spectrum analyser (not shown) in a manner 

35 similar to the arrangements shown in Figures 1 and 4. 
The fibre 30 incorporates an in- fibre Bragg grating 31 
and the grating- containing portion of the fibre is 
located within a tear- shaped cladding 32 of 
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thermoplastics material. The cladding 32 is bound to the 
fibre 3 0 along the full length of the cladding 32 and, as 
in the case of the previously described embodiments, 
relative movement between the cladding and the fibre is 
5 constrained. When the cladding 32 is subjected to 
increasing pressure it will tend to elongate in the axial 
direction of the fibre emd, as a consequence, will tend 
to elongate the fibre itself over its clad length. 
However, because the fibre is constrained by the cladding 

10 the tensile force imposed on the fibre will be dissipated 
to a greater extent into the more bulky portion of the 
cladding 32, so that elongation of the fibre under the 
influence of the tensile force will be greater at the 
smaller end 33 of the cladding than at the more bulky 

15 end 34. Thus, a differential elongation will be imposed 
on the fibre 30 in the region containing the grating and 
a strain gradient will be induced in the grating -region 
of the fibre. A measured shift in the Bragg frequency 
will thus provide a measure of changes in the pressure to 

20 which the device is exposed. 

Figure 7 shows an embodiment of the invention that 

c 

may be employed as a phase shifting device. In this case 
a length of optical fibre 35 containing an in- fibre Bragg 
grating 3 6 is embedded in a cladding 3 7 which is composed 

25 of three integrally formed sections 38, 39 and 40, the 
two outer sections of which have a larger cross - section 
than the inner portion 39 . This provides an arrangement 
in which, when a tensile load is applied to the fibre 
from one or both ends of the cladding, a strain gradient 

30 will be induced in each of the clad regions 3 8 to 41 but, 
because a lower constraining force will be exerted on the 
fibre 35 in the intermediate region 39, a greater degree 
of elongation will occur in the optical fibre in the 
inner region. This will result in a phase shift, that 

35 varies with load, between the period of the grating 
sections in the two enlarged portions 3 8 and 40 of the 
cladding . 

Figure 8 shows schematically an arrangement in which 
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an in -fibre grating may be post -tuned in a manner to 
preserve a required strain gradient in the grating after 
removal of an external force that is applied to establish 
the strain gradient. 
5 In the arrangement shown in Figure 8 , an optical 

fibre 43 having an in- fibre grating 44 is supported upon 
a substrate 45 and clad with a cladding 46 which is 
adapted to set and be cured by application of 
radiation. The arrangement is set up and loaded in 

10 substantially the same manner as that described with 
reference to Figure 1, but a mask 4 7 is interposed 
between the cladding 46 and a UV source 48. The mask is 
provided with a slit 49 and the mask is moved in the 
direction indicated by arrow 50 to move the slit 

15 incrementally along the length of the cladding 46. 

Prior to each incremental exposure of the 
cladding 46 to the UV radiation, a tensile force F is 
applied to the fibre 43 for the purpose of imposing 
stress on and, hence, strain in the incremental portion 

20 of the fibre that is aligned with the slit 49. Then, by 
adjusting the load following each incremental exposure of 
the cladding, a strain gradient will be created in the 
fibre with the fibre being constrained by the cladding. 
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CIAIMS : 

1. A method of varying the transmitting properties 
of a light transmitting device, the method comprising 
loading and, by use of a cladding, constraining the 
5 device in a manner such that the device is differentially 
^ elongated over at least a portion of a length of the 

device in the direction of light propagation whereby a 
strain gradient is induced in the device in the direction 
of light propagation. 
10 2 . The method as claimed in claim 1 wherein the 

light transmitting device comprises an optical fibre 
having a core and a silica cladding. 

3 . The method as claimed in claim 1 wherein the 
optical fibre is constrained by a constraining cladding 

15 which is applied to at least one localised portion of the 
length of the optical fibre and bonded to the silica 
cladding of the fibre. 

4 . The method as claimed in claim 3 wherein the 
optical fibre is loaded by application of a tensile force 

20 to one end of the optical fibre. 

5 . The method as claimed in claim 3 wherein the 
optical fibre is loaded by application of oppositely 
directed tensile forces to the optical fibre at each side 
of the constraining cladding, and wherein the oppositely 

25 directed tensile forces are different in magnitude one 
from the other. 

6. The method as claimed in any one of claims 1 
to 5 wherein the cladding comprises a material selected 
from glass, thermoplastics material, thermosetting 

30 plastics material, glue and silicone rxibber. 

7. The method as claimed in any one of claims 3 
to 6 wherein the optical fibre is embedded within the 
constraining cladding and the constraining cladding is 
supported upon a substrate. 

35 8. The method as claimed in any one of claims 3 

to 7 wherein the constraining cladding is applied to the 
optical fibre in an amount and in a configuration which 
is varied to provide a predetermined degree of strain 
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gradient within the optical fibre. 

9 . The method as claimed in claim 2 wherein the 
silica cladding of the optical fibre is employed to 
constrain the core of the optical fibre when the optical 

5 fibre is subjected to loading, and wherein a portion of 
the silica cladding that surrounds the core of the 
optical fibre is removed to produce a region in which the 
core of the fibre is less tightly constrained than in 
adjacent regions from which the silica cladding is not 
10 removed. 

10. The method as claimed in claim 2 wherein a 
portion of the length of the optical fibre is tapered so 
that the core of the optical fibre is less tightly 
constrained by the silica cladding at the larger end of 

15 the taper than at the narrower end of the taper whereby, 
when the load is applied to the optical fibre, a strain 
gradient is induced in the core of the optical fibre as a 
consequence of the differential constraining force 
exerted on the core of the fibre and resultant 

20 differential elongation of the core of the fibre, 

11 . The method as claimed in any one of claims 3 to 
10 wherein incremental portions of the constraining 
cladding are progressively set and wherein, prior to 
setting of successive incremental portions of the 

25 constraining cladding, the loading applied to the optical 
fibre is changed incrementally so that a strain gradient 
is progressively established within the optical fibre and 
the optical fibre is progressively constrained by the 
cladding in a manner to presearve the strain gradient 

30 following removal of the applied loading. 

12. The method as claimed in claim 11 wherein the 
constraining cladding is con5)osed of a material which is 
set when exposed to UV radiation and wherein incremental 
portions of the cladding are exposed to the radiation 

35 through a mask:. 

13. A method of varying the characteristics of an 
in- fibre grating, the method comprising loading a length 
of optical fibre that contains the grating and, by use of 
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a cladding, constraining a portion of the fibre that 
contains the grating in a manner such that the grating - 
containing portion of the fibre is differentially 
elongated in the direction of light propagation, whereby 
5 a strain gradient is induced in the grating- containing 
portion of the fibre in the direction of light 
propaga t i on . 

14. The method as claimed in claim 13 wherein the 
optical fibre is constrained by a constraining cladding 

10 which is applied to at least one localised portion of the 
length of the optical fibre and bonded to a silica 
cladding that encases a core of the optical fibre. 

15. The method as claimed in claim 13 wherein the 
optical fibre is loaded by application of a tensile force 

15 to one end of the optical fibre. 

16. The method as claimed in claim 13 wherein the 
optical fibre is loaded by application of oppositely 
directed tensile forces to the optical fibre at each side 
of the constraining cladding, and wherein the oppositely 

20 directed tensile forces are different in magnitude one 
from the other. 

17. The method as claimed in any one of claims 13 
to 16 wherein the portion of the optical fibre that 
embodies the grating is embedded within the constraining 

25 cladding and the constraining cladding is deposited on a 
substrate. 

18. The method as claimed in any one of claims 13 
to 17 wherein the constraining cladding is applied to 
the optical fibre in an amount and in a configuration 

30 which is varied to establish a predetermined reflectance 
characteristic for the grating, and wherein a light 
emitting device and a spectrum analyser are connected to 
the optical fibre to record changes in the spectral 
profile of the grating during variation of loading 

35 applied to the optical fibre and application of the 
constraining cladding to the optical fibre. 

19. A method of varying the transmitting properties 
or characteristics of a light transmitting device. 
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substantially as hereinbefore described with reference to 
the accompanying drawings. 

20. A light transmitting device which comprises a 
light transmitting portion and a cladding portion, the 

5 light transmitting portion having a region which is 
subjected to a strain gradient in the direction in which 
light is propagated through the device, the strain 
gradient being created within the device by loading the 
device and, using the cladding portion of the device, 
10 constraining the light transmitting portion in a manner 
to effect differential elongation of at least a portion 
of the length of the light transmitting portion in the 
direction of light propagation. 

21. The device as claimed in claim 2 0 wherein the 
15 light transmitting portion comprises an optical fibre 

having a core and a silica cladding. 

22. The device as claimed in claim 21 wherein the 
optical fibre is constrained by a constraining cladding 
which is applied to at least one localised portion of the 

20 length of the optical fibre and bonded to the silica 
cladding of the fibre. 

23. The device as claimed in claim 21 or claim 22 
wherein the optical fibre is embedded within the 
constraining cladding and the constraining cladding is 

25 supported by a substrate. 

24. The device as claimed in any one of claims 20 
to 23 wherein the optical fibre embodies an in- fibre 
grating . 

25. A light transmitting device comprising an 
30 optical fibre having a core portion and a silica cladding 

portion, a grating formed within the core portion of the 
optical fibre, and a constraining cladding bonded to the 
silica cladding of the optical fibre, the portion of the 
optical fibre core that contains the grating being 
35 subjected to a strain gradient in the direction of light 
propagation through the device, and the strain gradient 
being created within the optical fibre by loading the 
optical fibre and, using the constraining cladding, 
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constraining the optical fibre in a manner to effect 
differential elongation of at least a portion of the 
length of the optical fibre in the direction of light 
propagation. 

5 26, The device as claimed in claim 25 wherein the 

constraining cladding is applied to at least one 
localised portion of the length of the optical fibre. 

27. The device as claimed in claim 25 wherein the 
optical fibre is embedded within the constraining 

10 cladding and the constraining cladding is supported by a 
rigid supporting element . 

28. The device as claimed in claim 25 wherein the 
constraining cladding has a cross sectional area which 
diminishes from one end of the cladding to the other end 

15 of the cladding in the direction of light propagation 
through the device. 

29. The device as claimed in claim 25 and in the 
form of a phase shifting device, the device having a 
constraining cladding which is composed of three 

20 integrally formed portions which are aligned in the 
direction of light propagation through the device, 
wherein two outer ones of the cladding portions have a 
cross -sectional dimension which is larger than that of 
the intermediate portion of the cladding. 

25 30. A light transmitting device comprising an 

optical fibre having a core portion and a silica cladding 
portion, a grating formed within the core portion of the 
optical fibre, a constraining cladding bonded to the 
silica cladding of the optical fibre, a casing containing 

30 a portion of the length of the optical fibre and having a 
wall portion to which the constraining cladding is 
bonded, and means within the casing arranged to apply a 
tensile loading to the optical fibre in the direction of 
light propagation through the optical fibre, whereby a 

35 strain gradient is created within the optical fibre as a 
consequence of the constraining cladding constraining the 
optical fibre in a manner to effect differential 
elongation of a portion of the length of the optical 
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fibre ' in the direction of light propagation through the 
fibre . 

31. A light transmitting device as shown in the 
accompanying drawings and substantially as hereinbefore 
5 described with reference thereto. 
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